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Abstract 
Manufacturing product exhibits several quality characteristics. Quality inspection becomes a crucial way to verify product 
conformance to requirements. Under certain inspection procedures, we may identify whether the product quality conforms to 
specifications or not. If the product quality fails to conform, many possible reasons come include problems from the preceding 
manufacturing process. Performance of the manufacturing equipment is substantial to preserve the production process. The well -
maintained equipment ensures the high-quality product. The roles and advantages of quality inspection and equipment 
maintenance have been individually well-addressed in literatures. The investigations on these two aspectsinspection and 
maintenance, suggest realizing their relationships as such a way to preserve better quality assurance. However, the link between 
them has not been sufficiently investigated and modelled. This paper proposes a general framework of interaction between 
inspection and maintenance, which provide a comprehensive managerial thinking in equipment maintenance. Two approaches 
are offered to preserve useful initiation of possible joint optimization model for future research 
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1. Introduction  
As markets grow more diversified with increased sophistication of quality requirements, customers demand a 
higher level of product quality. Quality, as a competitive advantage and business strategy, becomes an essential 
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element of many organizations to triumph in the competition. A company that delights consumers with improved 
and well-controlled quality may surpass its competitors [1].  
A finished product may exhibit several quality characteristics. Quality control (QC) techniques apply by 
inspecting and measuring the product quality characteristics using inspection equipment and some procedures. For 
single production system, the QC is applied into the output of the system as illustrated in Fig. 1. By comparing to the 
standard, the product can be identified whether conforms to requirements or fails, consider as accepted or rejected as 
well. Inspection provides useful information about the current demonstrated product quality. Then, any managerial 
decision made based on this information, which is concentrate more on the effort of product and process 
improvement program. Many procedures, especially for acceptance inspection, has been developed to conduct the 
inspection which technically effective and/or economically efficient. Consistent monitoring on quality will ensure 
that products meet the requirements defined by either the manufacturer’s product design department or by 
customers. 
As the output of manufacturing process, failed product may be caused by the preceding process. Since the 
increasing trend on mechanization and automation, the role of equipment in production operations is more important 
than before. The performance of equipment must be kept in an ideal condition and run effectively [2]. The 
equipment or machine may experience an aging and deteriorate with time and production, which has an impact on 
the product’s quality. The diminished product quality is often characterized by increasing the rejection rate and 
declining the machine’s performance. The rejected product may demonstrate the deterioration of the downstream 
process; therefore, maintenance of production equipment cannot be segregated from the overall production 
management task. Beside, maintenance is crucial to restore the equipment or machine to an acceptable condition.  
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Measurement
Control
Monitoring
Input Output product
 
 
Fig. 1 Systematically presentation of production system 
Both, inspection and maintenance have an important role in production system. Understanding and highlighting 
their advantage independently suggest realizing the connection between quality inspection and equipment 
maintenance. Proceeding observations on various publications inspire us the meaningful of their relationship as such 
a way to achieve better quality assurance and establishing the performance of production system. Thus, the 
importance of quality assurance through equipment maintenance becomes increasingly indispensable. In this paper, 
we propose the interaction between product quality inspection and equipment maintenance served in a framework of 
interaction. 
 
2. Quality and Inspection 
There are two reasons for the necessity of quality control system. First, QC is an effective daily management 
process; and second, QC is a requirement for developing quality improvement program, it is imperative that the 
process is initially controlled [3]. QC accomplishes its missions by doing an inspection. As a basic operational 
technique and one of the earliest aspects of QC, inspection plays an important role in a production system to gain the 
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information about the demonstrated product quality.  
 
2.1. Inspections techniques 
 Inspections are performed at various times during the manufacturing process. Include inspection on raw 
materials and components from outside sources (incoming inspection), and final inspection on finished product to 
ensure the functional quality and the appearance of the product (outgoing inspection). 
 The modern view of QC encompasses a broader scope of activities throughout the company. For instance, 
Total Quality Management (TQM) philosophy suggested the process control inspection along production line rather 
than final inspection only. This diversion keeps the inspection as an essential technique in quality assurance and 
doesn’t reduce the necessity for inspection instead. Industrial experience shows that the manufacturer may monitor 
its process at every stage, the acceptance inspection for the final product and incoming raw materials inspection are 
still necessary [3]. The acceptance inspection is kind of middle bridge between 100% inspection and zero inspection, 
which has a primary advantage of fewer resources needed including money, labor, and time.  
 Acceptance inspection provides decision rules for product acceptance determination based on sample taken 
from the lot product, well-known as acceptance sampling or sampling plan [4]. Acceptance sampling is not a 
substitute for adequate process monitoring and control to reduce variability. Acceptance sampling does not estimate 
the lot quality, but sentence it, does not provides any direct form of quality control of a lot; nor use to control and 
systematically improve quality as process control yet do. Nevertheless, acceptance sampling still constitutes quality 
science [5]. Moreover, acceptance sampling is a necessary defensive measure, instituted as a protective tool against 
the threat of quality deterioration and provides valuable feedback for process control. Acceptance sampling is an 
instrument for producer to quicken the process control. The most effective use of acceptance sampling is as an audit 
tool to ensure that the output matches the requirement. When the statistical process control (SPC) optimizes the 
capability of the process, the acceptance sampling prevents the nonconforming product to be pass and then delivered 
to the next process or the customer, a usefull effort to maintain the product quality.  
2.2. Acceptance inspection 
A major classification of acceptance sampling is based on data type, include variables sampling plans and 
attributes sampling plans. Variables sampling plans (VSP) are preferred over attributes sampling plans, need smaller 
sample size than would be required for attributes sampling plans, in order to achieve the same operating 
characteristic curve. The significant savings even better when the destructive testing is applied or expensive items 
are involved. This phenomena reported by many publications e.g. [6] – [12].  
 Classification based on the sampling procedures differentiates single sampling plan and conditional 
sampling plans. A single sample acceptance plan is the most common and easiest plan to use due to its 
administration simplicity. However, this is not the most efficient sampling plan, in terms of the average number of 
samples. Beside, the inspection plans need to alter as the demonstrated product quality history may change. 
Acceptance sampling must consider the possibility of shifting in product quality. Accordingly, employing two or 
more sampling plans for different levels of product quality, called sampling system [13] is preferred than applying 
an individual single-sampling plan. The criteria for choosing the appropriate single-plan and switching between one 
single-plan to another offers the flexibility of the sampling scheme. Hence, it will be more beneficial to 
accommodate and keep track of the quality history, in order to gain the advantages of each single-plan. A tightened–
normal–tightened (TNT) sampling scheme incorporates normal and tightened plans, discussed in [14] – [16]. Recent 
development of TNT variables sampling plan (TNTVSS) provided by [17] – [19]. Reference [20]-[21] proposed 
TNTVSS which developed based on the exact sampling distribution to get more accurate and reliable decision. All 
publications were shown to be more efficient compared to single sampling plan and the comparable attribute TNT 
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sampling system.  
 Under the TNTVSS sampling scheme, inspection conducts in two plans, normal inspection and tightened 
inspection. Normal inspection is implemented at initial of the inspection activity, while tightened inspection is 
institute when recent product quality history has deteriorated. Nevertheless, if the recent quality has been improved 
and is found to be good, it is quite reasonable for inspector to ease or lighten the sampling plans back to the normal 
inspection. The differentiation between normal and tightened inspection is their sample size. Inspect the product 
quality with sample size nT under tightened inspection. While, use sample size nN for normal inspection, where nT > 
nN.  
The operating procedure of the variables TNTVSS scheme is given as follows: 
Step 1:  Conduct inspection under tightened single sampling plan with sample size nT and acceptance value k. 
Accept the lot if the estimated capability index CI ≥ k. When subsequent t lots in a row are accepted, 
then switch to normal inspection. 
Step 2:  Conduct inspection under normal single sampling plan with sample size nN and acceptance value k. 
Reject the lot if the estimated capability index CI < k. When an additional lot is rejected in the next s 
lots after rejection, switch to tightened inspection  
where, the switching provisions (s,t) are intended to accommodate the changing in product quality performance. 
The acceptance criteria is evaluated based on the comparison between the estimated capability index and the critical 
acceptance value. When the estimated capability index larger than the critical acceptance value, then the lot is 
accepted, otherwise, then the lot is rejected. The operating procedure are depicted in Fig. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The operating procedure of TNTVSS 
3. Equipment maintenance  
Whenever items or equipment failed to operate or perform its intended function, the option of maintenance may 
be carried out, including repairs or replaces. The purpose of maintenance is to keep the item’s good condition, to 
rectify failures, and to restore the item to its operational state following failure or deterioration condition. The 
following item’s performance depends on the maintenance action after failure.  
 A maintenance policy states how and when the maintenance action will be carried out. Corrective 
maintenance (CM) and preventive maintenance (PM) are the main option of maintenance actions related with the 
time of operation whether unscheduled or scheduled. PM performed at prescribed point in an item’s life, not based 
on functional failure or product deficiencies. PM retains the items in the specified condition, by providing 
systematic inspections and prevention of incipient failure (MIL-STD-721B). PM is carried out to reduce the 
likelihood of failure or to prolong the item’s life.  
 Comparison between two maintenance philosophies attach different perspective between them. Traditional 
maintenance philosophies have mainly focused on the availability of production equipment. Meanwhile, the modern 
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maintenance philosophies realized that maintenance has a significant impact on improved quality.  
3.1. Maintenance and quality  
The role of maintenance in completing the production purpose has already been addressed in the literature. In 
most models, the problem statement is how to meet the production schedule under the limiting constraints on 
maintenance. This model has been studied by many authors including [22] and [23]. Meanwhile, the role of quality 
in production discussed in many literatures, including [24] that proposed quality control modeling for single state 
production systems.  
The anxiety of connection between maintenance and quality was discussed by [2]. They mentioned that the link 
between maintenance and quality, although not completely missing, is not adequately addressed in the literature. 
There are no adequate models relating to quality and maintenance. They proposed a broad framework for modeling 
the maintenance and quality relationship.  
Then, the idea of incorporating maintenance in quality philosophies discussed in many literatures. In the total 
quality control approach, introduced by [25], maintenance is one of the characteristics of the total composite 
product, which will meet the expectations of the customer. In TQM, maintenance plays a role in quality [26]. 
Moreover, they pointed out that the best equipment will not work satisfactorily unless it is cared for. The ISO 9000 
series states that process and equipment maintenance should be performed in a planned manner guaranteeing 
continuous performance. 
On the other hand, some research on maintenance attempted to incorporate the quality concept in their design. In 
equipment management, one of the six big losses of any equipment is directly related to quality, i.e. process defect, 
as identified by [27], who introducing total productive maintenance (TPM) principle. Moreover, the quality rate is 
becoming one of the three components affecting overall equipment effectiveness (OEE). Quality management 
orientation proposed by [28], found that the company foundation of quality management is an effective way to 
improve maintenance performance. Many papers discussed integration between process monitoring (control chart) 
and process maintenance to increase their joint efficiency provides in [29]. However, among many references 
described, no literatures highlighted the interaction between maintenance and quality inspection. Albeit, inspection 
issue discuss in research of maintenance, they mainly discussed on the inspection policies for equipment or 
manufacturing facilities. Therefore, we focus more on the inspection of product quality, that may influenced by the 
machine condition. 
 
4. Interaction between quality inspection and maintenance 
There are significant-vast literatures on inspection (i.e. acceptance sampling) and maintenance, however, their 
focus tends to be on each topic separately. Presently, there have been no research attempts to study the connection 
between quality inspection and maintenance. In fact, acceptance sampling is a way to inspect the product and 
sentence the lot as rejected due to the low capability or producing of non-conforming products. On the other hand, 
one of the symptoms of the deteriorating process may produce nonconforming items. The restoration action may not 
always be conducted due to machine breakdowns. The non-conforming items act as a signal of the deterioration of 
the process. Therefore, lot rejection may provide adequate feedback for corrective or rectification action. 
Maintenance that prevents an abnormal condition or restoration from producing a quality failure is necessary. A 
system that incorporate both quality and equipment maintenance is crucial. The idea to integrate and combine these 
two topics provides an excellent opportunity on managing the production system. 
The typical TNT sampling scheme can be applied to the inspection of final product. The quality of the final 
product measured in the value of capability indices, also represents the quality of an ongoing process. As the 
flexibility of TNT sampling system offers, we may change the provision according to the condition of an ongoing 
process. This changing of provisions will always keep the same protection for both sides, no matter if supplier-
producer or predecessor-successor machine. The response to any process deterioration is restoring the process back 
to an acceptable condition, as a maintenance task and function. This situation may illustrate such a connection 
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between inspection and maintenance. Modern production is run by utilizing the production machinery. If the 
machinery is not in a good and acceptable condition, the product quality may shift, therefore, selected maintenance 
activities are important, since they affect the equipment performance and the quality of the final product 
accordingly.  
Discussion about maintenance and quality cannot be segregated from the production process. Although, it is clear 
that maintenance and quality interact, models that relate them both has not been adequately developed in the 
literatures. Therefore, we propose a broad interaction framework between inspection and maintenance as illustrated 
in Fig. 3. In particular single production system, machine or device conduct the manufacturing process to serve the 
final product. Inspection on quality of the product under particular TNT sampling plan may result rejection or 
acceptance of the lot product. The rejected lot may trigger for examination on manufacturing process or machine, 
moreover, become a demand of equipment maintenance. Whenever proper maintenance policy apply, machine can 
be restored to its operational state following deterioration condition, then the product quality and process capability 
may improve.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 The framework of inspection and maintenance interaction in production system 
There are two approaches can be considered to elaborate the framework. First, from the maintenance side, 
concerns more on how the maintenance aspects may affects the product quality inspection. For instance, selection of 
maintenance policy (corrective maintenance, preventive maintenance, etc), maintenance strategy (repair, replace, 
etc), in-house or outsourcing maintenance, schedule or unscheduled maintenance, may influence the forthcoming 
product quality. The improved quality may result different on inspection plans, say normal inspection under 
TNTVSS. The impact of poor maintenance on quality is not offset by the vast research yet. Second, from the quality 
side, concerns on how the current demonstrated quality may interfere the selection of maintenance aspects. For 
instance, determination of the acceptance critical value may drive to different decision on the lot, but different level 
of it may guide to the appropriate maintenance policy. Moreover, determination of maintenance policy based on the 
demonstrated quality history, rather than the condition of the machine, as the common approach in maintenance 
fields and research.  
In addition, the conditions of the manufacturing process may let us consider many factors that probably affect to 
the complexity of the proposed interaction. Most of research consider the downstream manufacturing process prior 
to the final process, where the final product inspection is conducted, as a black box. Many factors can be revealed 
such as, numbers of the production routing, the structure of manufacturing system (serial or non-serial system), or 
the machine state at each production process, and so on. Moreover, the information and data collection from the 
inspection activities do not intensively provide insight feedback to the downstream process and its maintenance. 
Considering many types of acceptance inspections plans and maintenance policies, then the variations of research 
left to be conducted are abundant. 
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5. Concluding Remark  
Performance of equipment is substantial to preserve the performance of production process, as the increasing 
trend on mechanization and automation. Since the current market improved, customer demand high-quality product. 
The well-maintained equipment ensures the product quality will conform to requirements. Many literatures 
discussed the roles and advantages of quality inspection and equipment maintenance individually and separately. 
The investigations on these two aspects reveal their possible interactions. The proposed interaction framework 
between inspection and maintenance provides logical thinking that may interrelate these aspects to provide better 
quality assurance.  
The two approaches provide elaboration accompanying the proposed framework. The inspection becomes a 
trigger for the demand of maintenance. The rejected lot result from low process capability or producing of non-
conforming products, could be the symptoms of the deteriorating process. The appropriate maintenance policy 
needed to restore the process deterioration back to the acceptable conditions. Thus, determination of maintenance 
policy based on the demonstrated quality history, rather than the condition of the machine, would provide more 
reliable maintenance decision. On the other hand, determination of maintenance policy and strategy may affect to 
the forthcoming product quality. Improper maintenance policy selection may result on not improved product quality.  
The meaningful of the relationship serves a way to achieve better quality assurance and establishing the 
performance of production system. Yet it provides a comprehensive managerial thinking in equipment maintenance. 
It is worth to note, the importance of quality assurance through equipment maintenance becomes increasingly 
indispensable.  
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